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Background: Gamma radiation produces numerous biological perturbations in cells by direct
ionization of DNA and cellular targets and by indirect effect through damage by free radical
production.
Aim: To study the cellular response of blood and hepatic tissue to different doses of g-
irradiation.
Results: Although relative viscosity and conductivity of hemoglobin were significantly
elevated in rats exposed to a single dose of 2 Gy, these elevations were statistically non
significant in irradiated rats exposed to 4 and 6 Gy as compared to control animals. Serum
levels of pro-inflammatory cytokines were significantly elevated in addition to up-
regulation of hepatic NF-кB and down-regulation of p53 and p21 in irradiated groups.
Conclusion: Elevated levels of hepatic NF-kBmRNA and low levels of p53 mRNA prove lack of
apoptosis and induction of the inflammatory pathway in hepatic cells to face the harmful
effects of the present g-irradiated model.
Copyright © 2015, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Living organisms are continually exposed to ionizing radiation
in nature as well as from medical procedures which
contribute most whole-body background radiation. Ionizing
radiation (IR) is a form of radiation with sufficient energy to
remove electrons from their atomic ormolecular orbital shells
in the tissues they penetrate (Borek, Abraham,& Sarma, 1993).
If the exposure is brief (minutes to a few days), the energy is
deposited in tissue where it remains over a period longer than
a few days, so that the exposure to the surrounding tissue is ofy, Cairo, Egypt.
(M.A. Mohamed).
gyptian Society of Radiat
iety of Radiation Sciences
cense (http://creativecoma chronic duration. Exposure to sources of IR may have po-
tential adverse health effects, depending on the isotope, the
absorbed dose, and the dose rate (Keith,Murray,& Spoo, 1999).
Gamma radiation doses of 500e1000 Gy induced alter-
ations of the red blood cell (RBC)membrane at the level of lipid
bilayer and skeleton proteins as well as hemoglobin states
inside the cells. Much less is known about the cellular
response to low doses of IR such as those typical for medical
diagnostic procedures, normal occupational exposures or
cosmic-ray exposures at flight altitudes, and there are only a
few reports on their action on RBCs (Kaczmarska et al., 2011).
In addition, IR causes severe cellular damage and stress bothion Sciences and Applications.
and Applications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
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rectly, as a result of the formation of intracellular free radicals
(Simone et al., 2009). On the other hand, IR is able to regulate
several genes and factors involved in cell-cycle progression,
survival and/or cell death, DNA repair and inflammation
modulating an intracellular radiation-dependent response (Di
Maggio et al., 2015).
Hence this study attempts to understand the cellular
response of blood and hepatic tissue to different doses of g-
irradiation.2. Materials and methods
2.1. Animals
Adult male albino rats of pure strain (Rattus albinus) ranging
from 300 to 400 g body weight were obtained from the animal
house of the National Center for Radiation Research and
Technology (NCRRT), Egyptian Atomic Energy Authority. An-
imals were housed in especially designed cages (5rats/cage).
All rats were kept under good conditions, allowed free access
to tap water and pellet diet.
2.2. Irradiation
Whole body irradiation was performed by Gamma-cell 40
(cesium- 137) source belonging to NCRRT. Animals were irra-
diated with 2 Gy, 4 Gy and 6 Gy as a single dose, by a dose rate
of 751  105 Gy/sec (Selim, Desouky, El-Marakby, Ibrahim, &
Ashry, 2009).
2.3. Experimental design
Animals were divided into 4 groups (10 rats each):
Control group (Con): non irradiated control rats and three
irradiated groups exposed to 2 Gy, 4 Gy and 6 Gywhole body g-
irradiation. All groups were sacrificed after 24 hrs of
irradiation.
2.4. Methods
Blood samples were taken from the retro-orbital venous
plexus under light ether anesthesia after a fast of 12 h. Each
blood sample was divided into three tubes; one containing
heparin for the physical measurements of hemoglobin and
the second with EDTA for complete blood picture and blood
film morphology, while the third tube was a plain tube
without anticoagulant for separation of serum for determi-
nation of serum cytokines. Serum was prepared by centri-
fuging blood samples at 4000 rpm for 5 min. Animals in all
groups were sacrificed by decapitation and liver was excised,
rinsed with shield saline and rapidly frozen in liquid nitrogen
then stored at 70 c until assayed.
2.5. Hematology
Complete blood counting (CBC) was determined by cell
counter fully automated (Sysmex, Japan). Blood smear film
was stained with hematoxylin and eosin (H&E).2.6. Physical measurements of hemoglobin
Hemoglobin was extracted according to Trivelli method
(Trivelli, Ronney, & Lai, 1971). Briefly, the packed RBCs were
washed three times with 5 volumes saline then re-centrifuged
and lysed with two volumes of deionized water. The hemo-
lysate was centrifuged at 10,000 rpm for 20 min. at 4 C to
remove erythrocyte ghosts. Relative viscosity of hemoglobin is
carried out at constant temperature of 37 ± 1 C by Ostwald
capillary viscometer. The viscosity of the solution is calcu-
lated by the following equation: hs ∕ hw¼ ds ts ∕ dw twWhere h,
d and t are viscosity, density and time of flow, respectively, for
sample (s) and water (w). The relative viscosity of Hb was
calculated by measuring the time of flow, using the same
viscometer for constant volume of sample and water. Elec-
trical conductivity of hemoglobin was measured by using a
conductivity meter (Hi 8633 Multi-Range Conductivity Meter,
Hanna instruments, USA) in the range 0e200 mS cm1 at 37 C.
2.7. Serum cytokines
The cytokines (IL-1b, IL-6, IL-10, IL-12, TNF-a and IFN-g) con-
centrations in the serum were assayed using rat immuno-
assay kits (Quantikine ELISA, R&D Systems Inc., USA). The
assay was performed according to the manufacturer's
protocol.
2.8. DNA fragmentation
Rat liver was homogenized in extraction buffer (10 mol/L Tris-
HCl [pH 8.0], 0.1 mol/L EDTA [pH 8.0] and 0.5% SDS), then
incubated for 1 h at room temperature and then digested in
the same buffer with 200 mg/mL proteinase K at 50 C over-
night. An equal volume of phenol equilibrated with 1 mol/L
Tris buffer (pH 8.0) was then added, and the tube was placed
on a roller apparatus for 1 h. After the two phases were
separated by centrifugation at 1000 rpm for 30 min at room
temperature, the extraction was repeated with an equal vol-
ume of phenol/chloroform. DNA was precipitated by addition
of 0.1 volume of 3 mol/L sodium acetate and 2 volumes of
absolute ethanol. The precipitated DNA was rinsed with 70%
ethanol, and finally re-suspended in 0.5 mL extraction buffer.
To detect DNA fragmentation, 10 mg of each DNA was elec-
trophoretically fractionated on 1.5% agarose gel with 0.5 mg/
mL ethidium bromide. The DNA in the gel was visualized and
photographed under UV light (Okamura et al., 2000).
2.9. Real time-PCR
For determining the expression of hepatic NF-кB, P53 and p21
genes, total RNA was extracted from liver tissue using SV
Total RNA Isolation system (Promega, USA). The extracted
RNA was reverse transcribed into cDNA using rt-PCR kit
(Stratagene, USA) according to the manufacturer's protocol.
The primers sequences used are grouped in Table 1.
2.10. Statistical analysis
All results were expressed as the mean ± SD. Statistical
analysis was performed using statistical package for the social
Table 1 e The primers sequence used for real-time PCR.
Genes Primer sequence Ref.
NF-кB Forward 50-GCGGCCAAGCTTAAGATCTGCCGAGTAAAC- 30
Reverse 50-GCTGCTCTAGAGAACACAATGGCCACTTGCCG-30
(Hishikawa, Oemar, Yang, & Lu¨scher, 1997)
P53 Forward 50-GTTCCGAGAGCTGAATGAGG-30
Reverse 50-TTTTATGGCGGGACGTAGAC-30
(Longxi, Buwu, Yuan, & Sinan, 2011)
P21 Forward 50-TGA GCC GCG ACT GTG ATG-30
Reverse 50-GTC TCG GTG ACA AAG TCG AAG TT-30
(Scoumanne, Cho, Zhang, & Chen, 2010)
b actin Forward 50-TGCTGGTGCTGAGTATGTCG-30
Reverse 50-TTGAGAGCAATGCCAGCC -30
(NM_017008)a
a Gene bank accession.
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data were analyzed by one-way analysis of variance (ANOVA).
To compare the difference among groups, post hoc testing
was performed by the Bonferroni test.3. Results
All irradiated animals showed significant reduction in WBCs
count after a single dose of 6 Gy (p < 0.01), 4 Gy and 2 Gy
(p < 0.05), compared to non irradiated animals. On the other
hand, non significant changes were observed in other hema-
tological parameters as compared to control group (Table 2).
Blood smears from irradiated groups showed non homog-
enous stain distribution within the erythrocytes as compared
to control group (Fig. 1). Erythrocytes from 2 Gy-irradiated rats
showed contracted hemoglobin at the periphery of the cell,
while those irradiated with 6 Gy, hemoglobin was concen-
trated at one side of the erythrocyte. As regards to rats
exposed to 4 Gy, pale stain central regions and clumping
appearance were observed.
Although the relative hemoglobin viscosity levels in all
irradiated rats were increased, but rats exposed to 2 Gy
showed significant elevation (p < 0.01), compared to both
control and 6 Gy groups. The same resultswere observed inHb
conductivity level of 2 Gy exposed group (p < 0.05), compared
to control and 6 Gy exposed groups (Fig. 2).
After g-irradiation five cytokines out of six measured in
serum of irradiated animals (IL-1b, IL-6, IL-12, TNF-a and INF-
g) were significantly elevated (p < 0.001 except for INF-gwhere
p < 0.01), whereas significant reduction (p < 0.001) wasTable 2 e Hematological parameters in control and the differe
Parameters
Con 2
WBCs  103 (cell/mL) 8.5 ± 3.39 2.18
RBCs  106 (cell/mL) 7.81 ± 0.59 8.16
Hb (g/dl) 13.8 ± 0.87 14.6
Plts  103 (cell/mL) 737.25 ± 155.17 642
HCT (%) 44.08 ± 2.77 46.15
MCV (fl) 56.45 ± 1.58 56.58
MCH (pg) 17.73 ± 1.27 17.88
MCHC (g/dl) 31.33 ± 1.39 31.65
a Significance VS Con (p < 0.05).
b Significance VS Con (p < 0.01).observed in the serum level of IL-10 as compared to control
animals. As regards to animals irradiated with a dose of 2 Gy,
significant elevation (p < 0.01) in serum level of IL-1b was re-
ported as compared to animals irradiated with 6 Gy (Table 3).
The hepatic DNA fragmentation was also tested by agarose
gel electrophoresis. Fig. 3 indicates a significant increase in
inter-nucleosomal DNA fragmentation of irradiated groups.
Hepatic DNA band of control rats is distinct, while a DNA
ladder was observed in irradiated groups.
The expression of the studied hepatic genes (NF-кB, P53 and
P21) was observed in Fig. 4. Whole body gamma irradiation
increased significantly the levels of hepatic mRNA of NF-кB,
compared to non irradiated group. In addition rats exposed to
2 and 6 Gy showed significant elevation in hepatic NF-кB
mRNA level as compared to 4 Gy. On the contrary, ionized
radiation caused significant reductions in P53 mRNA levels,
compared to normal control group. For hepatic P21 mRNA
levels, rats exposed to 2 Gy whole body irradiation showed
significant reduction, compared to control rats.4. Discussion
Ionizing radiation causes severe cellular damage and stresses
both directly, by energetic disruption of DNA integrity, and
indirectly as a result of the formation of intracellular free
radicals (Simone et al., 2009). Among the key cellular compo-
nents that are sensitive to g-radiation are leukocytes which
dropped sharply after exposure to the different doses of g-
irradiation. This reduction may be due to irradiation damage
of lymphocyte DNA since there is no lethal damage to RBCsnt irradiated animals (Mean ± SD).
Groups
Gy 4 Gy 6 Gy
± 0.57b 3.4 ± 1.22a 4.2 ± 1.41a
± 0.34 7.8 ± 1.19 8.03 ± 0.99
± 0.61 13.2 ± 2.76 13.45 ± 1.05
± 104.12 656.5 ± 58.16 617.25 ± 129.16
± 2.13 41.9 ± 7.53 44.08 ± 4.33
± 0.38 53.55 ± 2.61 55.08 ± 2.34
± 0.5 16.8 ± 1.5 16.85 ± 1.02
± 0.79 31.33 ± 1.32 30.58 ± 0.72
Fig. 1 e Photomicrograph from light microscope of rat blood cells (£40). Control group (A) and irradiated animals with 2, 4
and 6 Gy (B, C and D, respectively).
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rocytes may influence the quality of RBC concentrates. The
present results are in line with those of Maks et al. (2011) and
De Oliveira et al. (2013) who reported that whole blood irra-
diation damaged lymphocyte DNA, but there is no lethal
damage to RBCs. However, they did not observe damage to the
hemoglobin structure, as assessed by the degree of hemoglo-
bin denaturation and electrophoresis.
The viscosity of Hb solution can vary greatly depending on
the solute molecules (Hb) which possess the native helical
conformation or shaped in coils. Often kinetics of denatur-
ation from helix to random coil can conveniently followed by
measuring changes in the solution's viscosity over a period of
time (Pajonk & McBride, 2001). Our results showed aFig. 2 e Mean values of hemoglobin relative viscosity and conpronounced increase in the Hb viscosity and conductivity in
rats exposed to 2 Gy. The viscosity enhancement means Hb
unfolds (Multhoff & Radons, 2012), which destabilizes the
remaining structure and simultaneously collapse to random
coil (Pallister, 1999). This is accompanied by an increase in the
fractional volume of molecule, so that the specific viscosity
increases. In addition, the change in Hb conductivity gives line
of evidence about the degree of unfolding with formation of
new groups exposed to the surface besides the polar hydro-
philic groups leading to increasing of electrical conductivity.
These abnormalities in the physical character of Hb were
observed as contracted hemoglobin at the periphery or at one
side of the erythrocyte of irradiated groups' blood smear
photomicrographs.ductivity in control and the different irradiated animals.
Fig. 3 e DNA fragmentation pattern was monitored in
control and the different irradiated animals by agarose gel
electrophoresis. M: marker, Lane1: DNA from control
group, lanes 2, 3, 4: irradiated groups with 2, 4 and 6 Gy,
respectively.
Table 3 e Serum levels of different cytokines (pg/ml) in experimental animals (Mean ± SD).
Parameters Groups
Con 2 Gy 4 Gy 6 Gy
IL-1b 29.8 ± 3.06 112.98 ± 9.14a,b 93.18 ± 10.16a 78.25 ± 19.6a
IL- 6 34.7 ± 4.51 110.2 ± 11.84a 115.98 ± 14.85a 100.68 ± 4.51a
IL-10 122.38 ± 6.29 39.48 ± 3.2a 54.58 ± 23.26a 51.48 ± 16.83a
IL-12 38.18 ± 2.91 109.7 ± 6.32a 93 ± 19.86a 93.65 ± 10.8a
TNF-a 30.58 ± 5.29 124 ± 7.02a 104.9 ± 28.52a 97.03 ± 13.57a
INF-g 43.68 ± 12.01 118.08 ± 26.01c 114.98 ± 20.11c 106.55 ± 19.9c
a Significance VS Con (p < 0.001).
b Significance VS 6 gy (p < 0.01).
c Significance VS Con (p < 0.01).
Fig. 4 e Effect of the different g-irradiation doses on
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seems somewhat paradoxical. At high doses, radiation is
generally pro-inflammatory. On the other hand, low dose ra-
diation has a long history of use in the treatment of inflam-
matory disease. This suggests the involvement of multiple
mechanisms that may operate differentially at different dose
levels (Raymond, 1990). Radiation treatment is obviously a
two-edged sword. On the one hand, sub lethal doses of IR
induce a nuclear DNA damage response. On the other hand,
they trigger a cellular damage response in tumors by inducing
pro-inflammatory pathways predominantly mediated via
activation of NF-kB, the central linker between inflammation,
carcinogenesis, and radio resistance (Robson & Pain, 1976).
Radiation induces the expression of many cytokines and
growth factors such as: TNF-a, IL-1a, IL-1b, IL-6, type I IFN and
IL-12 (Di Maggio et al., 2015). These results are in line with
results of the present studywhich revealed serum elevation of
the pro-inflammatory cytokines and reduction of serum IL-10,
the anti-inflammatory cytokine, in all irradiated groups,
compared to control group.
NF-kB has a central role in immune and inflammatory re-
sponses because it binds to specific sequences in the promoter
region of target genes which in turn enhance a variety of pro-
inflammatory molecules expression such as TNF-a, IL-1b andhepatic expression of NF-кB, P53 and P21 genes.
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 9 ( 2 0 1 6 ) 2 4 2e2 4 8 247IL-6 (Di Maggio et al., 2015; Deng, Zhang, Harper, Elledge, &
Leder, 1995).
Li and Karin (1998) reported that, exposure of mammalian
cells to g-irradiation resulted in induction of NF-kB DNA
binding activity through degradation of the major NF-kB in-
hibitor IkB-a. The present study revealed significant up-
regulation of hepatic NF-kB while p53 was down regulated in
irradiated rats, compared to control rats. The p53-mediated
effects are tissue-specific: in fact, apoptosis occurring
shortly after whole-body irradiation is induced only in a few
sensitive tissues of wild type (Komarova, Christov, Faerman,&
Gudkov, 2000). One of the target genes that is induced by p53 is
the cyclin-dependent kinase inhibitor, p21, resulting in arrest
at the G1 phase of the cell cycle (Das et al., 2014). Komarova
et al. (2000) stated that massive and strong reduction in DNA
replication occurring shortly after g-irradiation in almost all
rapidly proliferating tissues was the result of p53 activity.
Most discussions of p53 and NF-kB interactions have focused
on their roles in cancer. While p53 and NF-kB are generally
considered to be opposing factors where p53 promotes
apoptosis while NF-kB enhances survival, they are capable of
directly inhibiting each other resulting in opposing functional
consequences (Lowe, Shatz, Resnick, & Menendez, 2013). In
fact most cells have mechanisms to suppress p53 when NF-kB
is activated to tilt the situation in favor of the cellular trans-
formation process. Through various mechanisms, NF-kB may
cripple cellular p53 activities. A major interference of p53 ac-
tivity by NF-kB is mediated by their use of a common co-
activator p300 for their optimal activity in response to a
stress signal (Avantaggiati et al., 1997; Gerritsen et al., 1997). It
has been shown that through the depletion of limited pool of
cellular p300, NF-kB competes out and thus represses p53
function (Webster & Perkins, 1999).5. Conclusion
Up-regulationofhepaticNF-kBand lowlevelsofp53mRNAprove
lack of apoptosis and induction of the inflammatory pathway in
hepatic cells to face the harmful effects of the present g-irradi-
atedmodel.Therefore, targetingofNF-kappaBsignalingpathway
could be a potent strategy for the prevention and/or treatment of
human cancers and inflammatory diseases.
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